



































































































































Van der Waals interactions

Strong bonds ionic bond covalent bond metallicbond hydrogen bond nowforces

Vdw Distance dependent interactions between molecules or atoms

Liquefactionof gas Andrew 1869

pa
21C
32

The existence of criticaltemperature

an aim penne on themanage

VDW equation of state 183 Nobelprize 1910

PV NRT idealgas law

Pf

target
hb

p V nb nRT Redgaslaw
T.aii.it
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n number of moles

U
b volume of a mole of particles

a measure of average attraction between particles



Keesom Theory 1921 Forces between permanent dipoles Jck8PafB2 880

NQ

Potential of a charge

got

4 r rainy

Permittivity HAPPER

Potential of a dipole

Dipole A combination of two opposite electric charges q d g

set apart by a small 1 Ñ 9T is dipolarmoment e 0.1 nm
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r 1 f coso

r I cosot off

V tail ño Iran torcoso

Thefield at point M caused by dipoleABofM is TV

Er Ers cost Eo f Earssino
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If the dipole is free to rotate with equal probability thereis a mean field

ALONG OTA

To Stay socost sinodo E É
ei

Dipole in an electric field

LED

d Potential energy U ñsÉp MEpcosα

Dipole Dipole interation U 4
A EIB

Mal 6 15 C at nm Eo 8.854 10 c Jm kn 1.3815255K Tu300k

IT 01h13 at as ratum

Withthermalenergy both dipoles can rotate freely cos α o

Angle averaged potential is notZERO cause there is always Boltzmann

Weightingfactor that gives weight to orientations that have a lowerenergy

ᵗ
pas α exp 419 RT Aetna z.ME c

so that Sae 052 dr 1 do dosinddα 2T cosa
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Letx cosx Let I e dx 2511kt

ME Men 8
Hyperbolic cotangent 27 Ex

MET cotht
n angevin's function

coth 5 E 4 0 Et Note zeal

us juice.az 5 t Iap to

Correction is needed to describe theinfluence ofTs on the orientation probability

of dipole 1 slightly longer

Keeson's theory gives a force law r of the proper order of magnitude However

numericalvaluesfromMM andvariationwithT doNOTagreewith experiments showing

that vow is almost T independent



The Debye Theory 1920 Dipole induceddipole interaction

more negative induceddipole

In an electric field E a molecule takes an induceddipolarmoment

Min αoE

by deformation of electronic cloud do VX 4Th

U u do EP CER LOKE CE

Fi I

However such induced forces are too weak

The London Theory 1930 dispersonforce Instanteous dipole
induced dipole interation

Transientdipole

Attraction forces come from the coupling of oscillations of two neighbouring molecules

vibriating in resonance explaining the cohesionof linguid solid or rare gases whose

atoms are spherical with no permanent dipolar moment

Polarizability
Planckconstant Vo electronic absorption frequency

U IT 32 to for two molecules



Molar weight Molecules Boiling point Electrons

38 Fr 191 188C 95

70.9 Clr 1st 342 ME

159.8 Br let Jgoc 355

253.8 Iz is 114C Jse

Eg CH4 16 us CHsCHuCHacH CH o 58

U to for two dissimilar molecules

Tonton constant 1079Jmb

0 0 4,2 0 1250

OB U2 αAαBVAUB NATUR

ou u u.at 12 it 57

In a mixture attraction between similar molecules is energetically more

favourable than betweendissimilar molecules The reason why the separation

of two liquids by an interface into twophases can often be observed

Dispersion forces prevail over orientation inductionforces exceptforVERY

polarized molecules



Nonretarted additive Ucr gunit
10765ms

Debye Keeson Dispersion London DispContribition

Ne He 0 0 4

HCLHCL 6 11 106 f
HI HI 2 0.2 370 99

NHS NHS 10 38 63 56

Ho to 10 96 33 24

Retarded rdW forces Macroscopictheroy by Payaloshinski Lifshitz Pitaevskii961

A correction of to account for

thetimeeffect on the interaction over

longdistances

a
to retoum

E r tooum

Lennard Jones Potential

Quantum mechanics leads to an energy of repulsion related to exprob as

r goes to 0 For mathematical convenience it iswritten as I r with n 710

FA

1
it maffian

Born repulsion empirical
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Vdw attractionbetween two surfaces

Assuming that vaw forces are additive non retarded deBoer 1936 Hamaker 1937
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Interaction between a molecule and solid 1

V.cz warsHif dv re legit y

14T n 1T
i ii

arassas

Their agitpel

ftn.cn pl

fi yv
si fEimdt ifeti i

s
yyygygyyyyy.gg 1 ftp.ffffgreggyyg



An ThinG
NblifGo
Mw Mwa O 10'19 1020

huo um Vu 30m m Fn 100MPa

Vdw attraction between two spheres Derjaguin approximation

R
F

Force area between twosurfaces

FCD fly 2txdx made Attractiveforce

What are y 9 R.FI Rill I

f ftp x R y friT Itr
LIE

Or My K Y I x
y Irk

Accurate for Kcc Ri Ra

Breakdown when an R R2 Ancorrectionexpected stating as For xR In

Yix D kitf x dy ftp.lkdx



Therefore FCD 61 2 112dy h
960

WCD ERE

Note that 0 Fsphere wall Wspheemail F
Retarded interaction between a sphere and a wall

FCDS α
Non retarded small p

83 retarded large D

3 substances by Lifshitz 1956 Dayaloshinski Lifshitz Pitaerski 196

Fs D
smallD

I and2 cross 3

Bff Large D

ma w̅ s it i i as
Dielectric permittivi
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Aizzzo Liquiddoesnotwet
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Revisiting adhesion

We have discussed JKR adhesion The key idea in JKR 119711 actually is as follow

Noadhesion
HP

Rigid The solution to this bup is

ftp.crs
2 tEr.p 4EEs g

E 0 here

What if there is adhesion Think of returning some Pand Δ

PitPa Paco

f
I sitso saco Needto calculate P and its consequences

Notethat the contactradius is maintained

Thismeansyou can pull the sphere back a little bit causing a uniformupward

displacement oz in the contacted area Note that the systems are superposable bc

a is fixed This pulling back is exactly a flatrigid cylindrical punch problem

so
the solution to this bup is

Part21 7 82 LET

ThsuperposedP.is notarbitrary The stress intensity cause by P near the corner



is given by

Pa 2 tax 2Tax as x o

The related energyrelase rate can be computed

KI Yi P Tx 21

G giftas or

P Fear Pairs 52 F
Thesolution to the adhesivecontact between a rigid sphere and an elastic half

space is then

P Hertz

Pcr P.ir Pairs
2E

fy
Pitt

P P P 4ft FEE
g

s Sit 8 ah III Pott

Poff R or

Poff is independent of E However back to 1932 Bradley showed that

Pott 2H08R

for separating a rigid sphere from a rigid surface

vdWforces between

efi f g the two surfaces of gaps



suppose a rigid sphere of radius RDE is placed near a rigid half space such that

the point of closet approach corresponds to 9 h

g h If
Theinteraction force is now

F 2frdr6g1 4ᵗʰ

since dg rar R we rewrite

F 2TR5 619dg 2 Rx Es 2TRor5 E E
8

Venergy
It is obviousthat when h E the force is maximized

Poft 2 R or

This conclusion applies for any contact problem with initial gap goer or r fo

WhyPI I Poff The interaction between bodies outside the contact area

is not considered in JKR Or the SSYcondition is notsatisfied in the rigid limit

Several theories to bridge JKR andBradley

Cheney
Derjagain et at 11975 DMTtheory

Maugis 1992 Maugis Dugdaletheory

mW
Greenwood 1997 selfconsistentmodel



DMT theory A farewell

It essentially combines Hertzian contact solution no adhesion and Gg law

Assuming Hertizan contact so that

ZWsert

Sphere Uzer ArasinF aE ma

f
downdisplacement

The adhesive fore is computed in the region outside

Halfspace the contact
equilibrium

F 2T 6 girdr g 2k s Uzir

so thetotal indenting force is P Patten

mini forattuativeadhesion

TheDMTtheory is rough particularly in theconsiderationofelasticdeformation in both

o a and a D However somehow it predects the samepulloffforce as Bradley

Mangis solution

Mangis 1992 made the further simplification of using a Dugdale cohesive zone

approximation Dugdale 1960 and solved the bup with mixed boundaries

f j
Dugdale cohesive law

3g



ocrea prescribed displacement bytheindenter

4a IÉ as at 8 to fat mac g g
r Ac 6zz 0

An important parameter arises here defined by Tabor

a Eff IEIi

e ito bediscussed soon
if

µ
too 10

Eventually
a independent

is Δ
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intermolecularforces
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Theoccuranceofjump inout

Let us make a summary here via an adhesion mapdrawn by Greenwood andJohnson
1997

GREENWOOD

Finally how to understand the Taborparameter 1977 that can beused to bridgedifferent

models or to know whethersmallscale 6 g laws to be considered

Point of view of vertical lengths Recall we used s to define rescaled

vertical displacement inJKR Natural to have a miro parameter by taking SmingE
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M Eff
1 1 0sec

sothat act 051771

Regimeofinteret on

Pointofview of horizontal lengths Again from JKR theory we have ax EI

for rescaling Sx at R We wantto use this to compare to a microscale

horizontal lengthscale to obtainµ

Note that the stress field near the contact line is given as

anEE FEI
JKR didnotconsider the adhesiveinteractions outside the contact area in which

on An natural horizontal length in the contact area appears

F n routes
It can be shown that

EFF m

Physicalpicture
sphere 171 a pro

mean acaro

aHalfspace


